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OUTLINE: A FAIRY TALE WITH 
CONSEQUENCES

• Experimental hints of nothing or something...

•New EW states to explain

• Constraints

•Other explanations?
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SUSY SUSY NOWHERE...
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SUSY SUSY NOWHERE...
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WHERE’S THE BEEF?
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WHERE’S THE BEEF?
NEW PHYSICS?
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SM CROSS SECTION PLOTSummary of W, Z, and Top Production 

9 Highlights from the LHC 

• Very similar agreement with (N)NLO predictions is observed by CMS 
 
 

single boson di-boson 
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WW CROSS SECTION
• In principle the LHC makes 8 measurements highly sensitive to 

the WW cross section

• SM WW at CMS7, ATLAS7, CMS8, ATLAS8

• h    WW at CMS7, ATLAS7, CMS8, ATLAS8

•What’s the status?
Every reported* measurement is 

higher than the SM
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WW CROSS SECTION
• In principle the LHC makes 8 measurements highly sensitive to 

the WW cross section

• SM WW at CMS7, ATLAS7, CMS8, ATLAS8

• h    WW at CMS7, ATLAS7, CMS8, ATLAS8

•What’s the status?
Every reported* measurement is 

higher than the SM

NOT Fermi line high...
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WW CROSS SECTION
• In principle the LHC makes 8 measurements highly sensitive to 

the WW cross section

• SM WW at CMS7, ATLAS7, CMS8, ATLAS8

• h    WW at CMS7, ATLAS7, CMS8, ATLAS8

•What’s the status?
Every reported* measurement is 

higher than the SM

NOT Fermi line high...
Not astrophysics either... 
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WW CROSS SEC MEASUREMENTS
ATLAS 7
�(pp ! W+W�) = 53.4± 2.1(stat)± 4.5(sys)± 2.1(lum) pb

CMS 7
�(pp ! W+W�) = 52.4± 2(stat)± 4.5(sys)± 1.2(lum) pb

NLO theory at 7 TeV
�(pp ! W+W�) = 45.1± 2.8 pb

�(pp ! W+W�) = 47± 2 pb

ATLAS MC@NLO
MCFM

Campbell,
Ellis,

Williams
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WW CROSS SEC MEASUREMENTS
ATLAS 7
�(pp ! W+W�) = 53.4± 2.1(stat)± 4.5(sys)± 2.1(lum) pb

CMS 7
�(pp ! W+W�) = 52.4± 2(stat)± 4.5(sys)± 1.2(lum) pb

NLO theory at 7 TeV
�(pp ! W+W�) = 45.1± 2.8 pb

�(pp ! W+W�) = 47± 2 pb

ATLAS MC@NLO
MCFM

Campbell,
Ellis,

Williams

1.4  and 1  , this is an 
anomaly???

ATLAS and CMS are more 
consistent with each other than the SM...

NOT just a “rate” anomaly

��
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UPDATED LHC-7
Measurement of W+W�

production in pp collisions at

p
s = 7 TeV with the ATLAS

detector and limits on anomalous WWZ and WW� couplings

The ATLAS Collaboration
(Dated: October 11, 2012)

This paper presents a measurement of the W

+
W

� production cross section in pp collisions atp
s = 7 TeV. The leptonic decay channels are analyzed using data corresponding to an integrated

luminosity of 4.6 fb�1 collected with the ATLAS detector at the Large Hadron Collider. TheW+
W

�

production cross section �(pp ! W

+
W

� + X) is measured to be 51.9 ± 2.0 (stat) ± 3.9 (syst) ±
2.0 (lumi) pb, compatible with the Standard Model prediction of 44.7 +2.1

�1.9 pb. A measurement of
the normalized fiducial cross section as a function of the leading lepton transverse momentum is
also presented. The reconstructed transverse momentum distribution of the leading lepton is used
to extract limits on anomalous WWZ and WW� couplings.

PACS numbers: 14.70.Fm, 12.60.Cn, 13.85.Fb, 13.38.Be

I. INTRODUCTION

Measurements of vector boson pair production at par-
ticle colliders provide important tests of the electroweak
sector of the Standard Model (SM). Deviations of the
production cross section or of kinematic distributions
from their SM predictions could arise from anomalous
triple gauge boson interactions [1] or from new parti-
cles decaying into vector bosons [2]. Vector boson pair
production at the Large Hadron Collider (LHC) [3] also
represents an important source of background to Higgs
boson production [4] and to searches for physics beyond
the SM.

This paper describes a measurement of the W+W�

(hereafter WW ) inclusive and di↵erential production
cross sections and limits on anomalous WWZ and WW�
triple gauge couplings (TGCs) in purely leptonic decay
channels WW ! `⌫`0⌫0 with `, `0 = e, µ. WW ! ⌧⌫`⌫
and WW ! ⌧⌫⌧⌫ processes with ⌧ leptons decaying into
electrons or muons with additional neutrinos are also in-
cluded. Three final states are considered based on the
lepton flavor, namely ee, µµ, and eµ. Leading-order (LO)
Feynman diagrams for WW production at the LHC in-
clude s-channel production with either a Z boson or a
virtual photon as the mediating particle or u- and t-
channel quark exchange. The s- and t-channel diagrams
are shown in Fig. 1. Gluon-gluon fusion processes involv-
ing box diagrams contribute about 3% to the total cross
section. The SM cross section for WW production in pp
collisions at

p
s = 7 TeV is predicted at next-to-leading

order (NLO) to be 44.7+2.1
�1.9 pb [5]. The calculation of the

total cross section is performed using mcfm [6] with the
ct10 [7] parton distribution functions (PDFs). An un-
certainty of +4.8%

�4.2% is evaluated based on the variation of
renormalization (µR) and factorization (µF ) scales by a
factor of two (+3.6%

�2.5%) and ct10 PDF uncertainties derived
from the eigenvector error sets as described in Ref. [8]
(+3.1%
�3.4%) added in quadrature. The contribution from SM
Higgs production [4] with the Higgs boson decaying into
a pair of W bosons (H ! WW ) depends on the mass
of the Higgs boson (mH). For mH = 126 GeV, the SM

WW production cross section would be increased by 3%.
Contributions from vector boson fusion (VBF) and dou-
ble parton scattering (DPS) [9] processes are found to be
less than 0.1%. The processes involving the SM Higgs
boson, VBF and DPS are not included neither in the
WW cross-section predictions, nor in deriving the cor-
rected measured cross sections. Events containing two
W bosons from top-quark pair production and single top-
quark production are explicitly excluded from the signal
definition, and are treated as background contributions.

(a) (b)

FIG. 1: SM LO Feynman diagrams for WW production
through the qq̄ initial state at the LHC for (a) the s-channel
and (b) the t-channel. The s-channel diagram contains the
WWZ and WW� TGC vertices.

The s-channel diagram contains the WWZ and WW�
couplings. The SM predicts that these couplings are
gWWZ = �e cot ✓W and gWW� = �e, where e is related
to the fine-structure constant ↵ (= e2/4⇡) and ✓W is the
weak mixing angle. Detailed studies of WW production
allow to test the non-Abelian structure of the SM elec-
troweak theory and probe anomalous WWZ and WW�
TGCs, which may be sensitive to low-energy manifesta-
tions of new physics at a higher mass scale. WW produc-
tion and anomalous WWZ and WW� TGCs have been
previously studied by the LEP [10] and Tevatron [11] ex-
periments, and were also recently studied by the LHC
experiments [12–14]. The dataset used in this paper cor-
responds to an integrated luminosity of 4.6 fb�1 [15] col-
lected with the ATLAS detector at the LHC, and the
results presented supersede the previous ATLAS mea-
surements [13].

Significance about the same as before
Additional pt(ll) cut
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from their SM predictions could arise from anomalous
triple gauge boson interactions [1] or from new parti-
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FIG. 1: SM LO Feynman diagrams for WW production
through the qq̄ initial state at the LHC for (a) the s-channel
and (b) the t-channel. The s-channel diagram contains the
WWZ and WW� TGC vertices.

The s-channel diagram contains the WWZ and WW�
couplings. The SM predicts that these couplings are
gWWZ = �e cot ✓W and gWW� = �e, where e is related
to the fine-structure constant ↵ (= e2/4⇡) and ✓W is the
weak mixing angle. Detailed studies of WW production
allow to test the non-Abelian structure of the SM elec-
troweak theory and probe anomalous WWZ and WW�
TGCs, which may be sensitive to low-energy manifesta-
tions of new physics at a higher mass scale. WW produc-
tion and anomalous WWZ and WW� TGCs have been
previously studied by the LEP [10] and Tevatron [11] ex-
periments, and were also recently studied by the LHC
experiments [12–14]. The dataset used in this paper cor-
responds to an integrated luminosity of 4.6 fb�1 [15] col-
lected with the ATLAS detector at the LHC, and the
results presented supersede the previous ATLAS mea-
surements [13].

Significance about the same as before
Additional pt(ll) cut 

17



UPDATED LHC-7
Measurement of W+W�

production in pp collisions at

p
s = 7 TeV with the ATLAS

detector and limits on anomalous WWZ and WW� couplings

The ATLAS Collaboration
(Dated: October 11, 2012)

This paper presents a measurement of the W

+
W

� production cross section in pp collisions atp
s = 7 TeV. The leptonic decay channels are analyzed using data corresponding to an integrated

luminosity of 4.6 fb�1 collected with the ATLAS detector at the Large Hadron Collider. TheW+
W

�

production cross section �(pp ! W

+
W

� + X) is measured to be 51.9 ± 2.0 (stat) ± 3.9 (syst) ±
2.0 (lumi) pb, compatible with the Standard Model prediction of 44.7 +2.1

�1.9 pb. A measurement of
the normalized fiducial cross section as a function of the leading lepton transverse momentum is
also presented. The reconstructed transverse momentum distribution of the leading lepton is used
to extract limits on anomalous WWZ and WW� couplings.

PACS numbers: 14.70.Fm, 12.60.Cn, 13.85.Fb, 13.38.Be

I. INTRODUCTION

Measurements of vector boson pair production at par-
ticle colliders provide important tests of the electroweak
sector of the Standard Model (SM). Deviations of the
production cross section or of kinematic distributions
from their SM predictions could arise from anomalous
triple gauge boson interactions [1] or from new parti-
cles decaying into vector bosons [2]. Vector boson pair
production at the Large Hadron Collider (LHC) [3] also
represents an important source of background to Higgs
boson production [4] and to searches for physics beyond
the SM.

This paper describes a measurement of the W+W�

(hereafter WW ) inclusive and di↵erential production
cross sections and limits on anomalous WWZ and WW�
triple gauge couplings (TGCs) in purely leptonic decay
channels WW ! `⌫`0⌫0 with `, `0 = e, µ. WW ! ⌧⌫`⌫
and WW ! ⌧⌫⌧⌫ processes with ⌧ leptons decaying into
electrons or muons with additional neutrinos are also in-
cluded. Three final states are considered based on the
lepton flavor, namely ee, µµ, and eµ. Leading-order (LO)
Feynman diagrams for WW production at the LHC in-
clude s-channel production with either a Z boson or a
virtual photon as the mediating particle or u- and t-
channel quark exchange. The s- and t-channel diagrams
are shown in Fig. 1. Gluon-gluon fusion processes involv-
ing box diagrams contribute about 3% to the total cross
section. The SM cross section for WW production in pp
collisions at

p
s = 7 TeV is predicted at next-to-leading

order (NLO) to be 44.7+2.1
�1.9 pb [5]. The calculation of the

total cross section is performed using mcfm [6] with the
ct10 [7] parton distribution functions (PDFs). An un-
certainty of +4.8%

�4.2% is evaluated based on the variation of
renormalization (µR) and factorization (µF ) scales by a
factor of two (+3.6%

�2.5%) and ct10 PDF uncertainties derived
from the eigenvector error sets as described in Ref. [8]
(+3.1%
�3.4%) added in quadrature. The contribution from SM
Higgs production [4] with the Higgs boson decaying into
a pair of W bosons (H ! WW ) depends on the mass
of the Higgs boson (mH). For mH = 126 GeV, the SM

WW production cross section would be increased by 3%.
Contributions from vector boson fusion (VBF) and dou-
ble parton scattering (DPS) [9] processes are found to be
less than 0.1%. The processes involving the SM Higgs
boson, VBF and DPS are not included neither in the
WW cross-section predictions, nor in deriving the cor-
rected measured cross sections. Events containing two
W bosons from top-quark pair production and single top-
quark production are explicitly excluded from the signal
definition, and are treated as background contributions.

(a) (b)

FIG. 1: SM LO Feynman diagrams for WW production
through the qq̄ initial state at the LHC for (a) the s-channel
and (b) the t-channel. The s-channel diagram contains the
WWZ and WW� TGC vertices.

The s-channel diagram contains the WWZ and WW�
couplings. The SM predicts that these couplings are
gWWZ = �e cot ✓W and gWW� = �e, where e is related
to the fine-structure constant ↵ (= e2/4⇡) and ✓W is the
weak mixing angle. Detailed studies of WW production
allow to test the non-Abelian structure of the SM elec-
troweak theory and probe anomalous WWZ and WW�
TGCs, which may be sensitive to low-energy manifesta-
tions of new physics at a higher mass scale. WW produc-
tion and anomalous WWZ and WW� TGCs have been
previously studied by the LEP [10] and Tevatron [11] ex-
periments, and were also recently studied by the LHC
experiments [12–14]. The dataset used in this paper cor-
responds to an integrated luminosity of 4.6 fb�1 [15] col-
lected with the ATLAS detector at the LHC, and the
results presented supersede the previous ATLAS mea-
surements [13].

Three different SM cross sections @ 7 TeV have 
been given: 45.1, 47, 44.7

Better agreement needed on what to use

18



CMS 8 TEV 3.5/FB

8

WW→2�2ν at 8 TeV: systematics & results

                                                                         

NLO prediction (MCFM): 57.25 (          ) pb

                     5%

Need to 
improve

                                   

•Already 4% statistical precision
•About 1.8σ higher than the NLO prediction

includes jet veto 
uncertainty

                  Drell Yan

σ = 69.9 ± 2.8 (stat) ± 5.6 (sys) ± 3.1 (lum) pb 

  4.4%

+2.35
−1.60
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σ = 69.9 ± 2.8 (stat) ± 5.6 (sys) ± 3.1 (lum) pb 

  4.4%

+2.35
−1.60

It grows at 8 TeV even faster!
�(8)

�(7)

����
exp

= 1.33
�(8)

�(7)

����
th

= 1.21
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CMS8Results

Doesn’t look too bad?

29

Looks pretty good...
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CMS8Results

Doesn’t look too bad?

29

Looks pretty good...
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NO EXTRA NORMALIZATION...

Results
Let’s remove the
data-driven normalization
of our cross section
MEASUREMENT...

31

Results
Let’s remove the
data-driven normalization
of our cross section
MEASUREMENT...

31
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Upward fluctuations in all measurements or a trend?

Two roads diverged in a yellow wood,
and sorry I could not travel both... 

New PhysicsSM calculation 
wrong
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Upward fluctuations in all measurements or a trend?

Two roads diverged in a yellow wood,
and sorry I could not travel both... 

New PhysicsSM calculation 
wrong

Will come back to the less traveled one
and that of course may make all the difference...
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INGREDIENTS FOR BSM 
EXPLANATION

• ATLAS and CMS both measure OS dileptons + MET with a 
jet VETO

• Final state needs to be OS leptons+MET with nothing else 
essentially

•Does NOT imply there have to be REAL W’s

•Doesn’t hurt either if there are!

25



AN EXPLANATION?
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AN EXPLANATION?

NO!

27



NEW PHYSICS EXPLANATION
•Measurement is 2 leptons + MET so we need this... (jet veto)

• Kinematics similar to WW of SM

•Need a cross section of a few pb to make a difference

What does all this and more? EW GAUGINOS!!

28



WAIT ISN’T SUSY DEAD OR “IN 
THE HOSPITAL” OR SOMETHING?
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WAIT ISN’T SUSY DEAD OR “IN 
THE HOSPITAL” OR SOMETHING?
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WAIT ISN’T SUSY DEAD OR “IN 
THE HOSPITAL” OR SOMETHING?

No Deeper Commentary 
Intended...

31



SUSY??

We’ve found ALMOST half of the particles... 

32



SUSY (MET) PRE LHC

33



SUSY (MET) LHC

1000

Just starting to enter 
into EW game
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SUSY??

Focus here
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EXAMPLE TOPOLOGIES FOR 
WW+MET

36



DON’T LIKE SUSY??

“Heavy Lepton”

37



SUSY HAS OTHER OPTIONS

38



 GRAVITY SPECTRUM

�±
1 ,�

0
2

�0
1

O(100 GeV)

O(GeV)

Could be at LEP limit!
Amusingly the right point

to affect the cross section significantly...
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EXAMPLE TOPOLOGIES
2

�0
1

�0
1

W+
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Z
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�0
2

W±

q

q̄�

FIG. 1: Examples of electroweak gaugino production and decay. In the left diagram Chargino pair production is shown which
leads to W+W� + MET final states, while on the right, associated Chargino-Neutralino production is shown which gives
W±Z + MET final states.

In the rest of this letter, we will quantitatively demon-
strate the e↵ects of a particular SUSY scenario for the
W+W� measurement. We then investigate the bounds
on these scenarios, and their contributions to other multi-
gauge boson and Higgs measurements/searches. Finally
we discuss the impact of this scenario and possible ways
to test for it and other closely related scenarios in the
future. While the discrepancies in W+W� may sim-
ply be due to background modeling, this letter clearly
demonstrates that EW charginos could have been hiding
in plain sight, and can improve a number of SM measure-
ments done thus far at the LHC.

W+W� CROSS SECTION

ATLAS [1] and CMS [2] measure the W+W� produc-
tion cross section in the dileptonic final state ee, µµ or
eµ with 5 fb�1 of LHC7 data. The main backgrounds to
pp ! W�W� ! `+`�⌫⌫̄ are Drell-Yan, top quark, W
+ jet and other diboson production. ATLAS imposes a
series of cuts designed to remove excess jet activity and
focus on real OS leptons (not from a Z) + MET, without
an upper cut on MET. CMS imposes similar cuts if not
softer cuts, but has di↵erent restrictions on the dilepton
system overall and imposes additional vetoes, resulting
in higher signal purity with comparable e�ciency. AT-
LAS and CMS also use di↵erent methods to estimate
their acceptances for signal. In the end their similar but
still di↵erent approaches result in extremely consistent
measured central values for the W+W� cross section,
making the particular value measured appear even more
compelling.

To demonstrate the agreement or lack thereof between
data and the SM, kinematic distributions from ATLAS
are shown in Figure 2 (CMS has similar but slightly fewer

kinematic distributions available). There is some dis-
agreement, not only in the overall normalization but also
in the shape – bins at high and low values of the kine-
matic variables generally fit quite well, while the mid-
dle bins display somewhat more significant excesses. As
mentioned earlier, if new particles are produced which
then decay into OS leptons and missing energy one could
potentially explain discrepancies with the data. Within
the supersymmetric framework, pair-produced charginos
are a natural candidate for such particles, though our
statements are more broadly applicable in the simplified
model context.

In order to display similar kinematics in their de-
cay products as W+W� and improve agreement with
data, charginos must decay via on-shell W ’s and be pair-
produced with a cross section of a few pb. Together
with the LEP mass bound [3], this implies 100 GeV .
m�̃±

1
. 130 GeV, wino-like charginos, and a mass gap to

an invisible detector-stable particle larger than mW [27].
This can easily be achieved both in gravity mediation
(with a light bino LSP) or gauge mediation (with a grav-
itino LSP). The constraints on these scenarios will be
discussed in the next section. Here, we will demonstrate
the improved agreement with data that can be achieved
by adding the contribution of chargino pair production
to the W+W� SM predictions.

The parameter point we use as an example is a grav-
ity mediation inspired spectrum with m�̃±

1
⇡ 112 GeV,

m�̃0
1

⇡ 15 GeV (tan� = 10, and all other SUSY mass
parameters are set beyond a TeV). This works partic-
ularly well, but we emphasize that agreement with the
data is significantly improved for any chargino scenario
that matches the requirements outlined above. The most
important parameter is the chargino mass, since it deter-
mines the pair production cross section. Lower masses
are generally more helpful for explaining the W+W�
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with the LEP mass bound [3], this implies 100 GeV .
m�̃±

1
. 130 GeV, wino-like charginos, and a mass gap to

an invisible detector-stable particle larger than mW [27].
This can easily be achieved both in gravity mediation
(with a light bino LSP) or gauge mediation (with a grav-
itino LSP). The constraints on these scenarios will be
discussed in the next section. Here, we will demonstrate
the improved agreement with data that can be achieved
by adding the contribution of chargino pair production
to the W+W� SM predictions.

The parameter point we use as an example is a grav-
ity mediation inspired spectrum with m�̃±

1
⇡ 112 GeV,

m�̃0
1

⇡ 15 GeV (tan� = 10, and all other SUSY mass
parameters are set beyond a TeV). This works partic-
ularly well, but we emphasize that agreement with the
data is significantly improved for any chargino scenario
that matches the requirements outlined above. The most
important parameter is the chargino mass, since it deter-
mines the pair production cross section. Lower masses
are generally more helpful for explaining the W+W�

Tied for second most
interesting result of summer
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EW GAUGINO BOUNDS
WZ final state ruled out well above LEP

Wh state also ruled out by ATLAS 7 TeV Wh search 
~ 160 GeV Higgsinos
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EW GAUGINO BOUNDS
WZ final state ruled out well above LEP

Wh state also ruled out by ATLAS 7 TeV Wh search 
~ 160 GeV Higgsinos 1206.6888

(ours not ATLAS)
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ARE THERE WAYS OUT? WW 
WITHOUT WH AND WZ??

• Chargino NLSP (also have gravity setups with sleptons)

• low tan beta, large Wino-Higgsino mixing 2

W ⇤

W

W ⇤

�+
1

�0
1

G̃

G̃
q

q̄0

W

�+
1

�/Z⇤

W

W

�+
1

��
1

G̃

G̃
q

q̄

FIG. 1: Examples of electroweak gaugino production and decay for our gauge-mediated SUSY benchmark model (Chargino
pairs on the left and Chargino-Neutralino on the right). Both processes give a W+W� + MET final state, since the decay
products of the o↵-shell W ⇤ in the right diagram are typically too soft to be detected.

In the rest of this letter, we will quantitatively demon-
strate the e↵ects of a particular SUSY scenario for the
W+W� measurement at 7 TeV and 8 TeV. We then in-
vestigate the bounds on these scenarios, and their contri-
butions to other multi-gauge boson and Higgs measure-
ments/searches. Finally we discuss the impact of this
scenario and possible ways to test for it and other closely
related scenarios in the future. While the discrepancies
in W+W� may simply be due to background model-
ing, this letter clearly demonstrates that EW charginos
could have been hiding in plain sight, and can improve a
number of SM measurements done thus far at the LHC.

W+W� CROSS SECTION AT 7 TEV

ATLAS [1] and CMS [2] measure the W+W� produc-
tion cross section in the dileptonic final state ee, µµ or
eµ with 5 fb�1 of LHC7 data. The main backgrounds to
pp ! W�W� ! `+`�⌫⌫̄ are Drell-Yan, top quark, W
+ jet and other diboson production. ATLAS imposes a
series of cuts designed to remove excess jet activity and
focus on real OS leptons (not from a Z) + MET, without
an upper cut on MET. CMS imposes similar if not softer
cuts, but has di↵erent restrictions on the dilepton sys-
tem overall and imposes additional vetoes, resulting in
higher signal purity. Both analyses have an acceptance
of about 6% for pair-produced W ’s in the fully leptonic
channel. ATLAS and CMS also use di↵erent methods to
estimate their acceptances for signal. In the end their
similar but still di↵erent approaches result in extremely
consistent measured central values for the W+W� cross
section, perhaps making the particular value measured
quite compelling.

To demonstrate the agreement or lack thereof between
data and the SM, kinematic distributions from ATLAS
are shown in Figure 2 (CMS has similar but slightly fewer
kinematic distributions available). There is some dis-

agreement, not only in the overall normalization but also
in the shape – bins at high and low values of the kine-
matic variables generally fit quite well, while the middle
bins display somewhat more significant excesses. As men-
tioned earlier, if new particles are produced which then
decay into OS leptons and missing energy, one could po-
tentially explain discrepancies with the data. Within the
MSSM framework, pair-produced charginos are a natural
candidate for such particles, though our statements are
more broadly applicable in the simplified model context.

In order to display similar kinematics to SM W+W�

and improve agreement with data, the simplest possi-
bility is for charginos to decay via on-shell W ’s with a
production cross section of a few pb, setting a rough up-
per bound on their mass scale. Slightly more complicated
possibilities arise through decays via either o↵ shell W’s
or slepton decays. Taking into account the chargino mass
bound from LEP [4], this implies 100 GeV . m

�̃

±
1

.
130 GeV, wino-like charginos, and a mass gap to an in-
visible detector-stable particle larger than m

W

[37]. This
can easily be achieved both in gravity mediation (with
a light bino LSP) or gauge mediation (with a gravitino
LSP). However, recent trilepton searches from ATLAS
[6], and searches for associated production of W±h in
the bb̄ channel [7], significantly constrain �±�0 decays
into W±h or W±Z final states. We will discuss these
bounds later in this letter, but ultimately they lead to
two possible SUSY scenarios for increasing the W+W�

cross section that remain in agreement with all other ex-
perimental data. The first is a gauge mediated scenario
with chargino NLSP, resulting in exclusively W+W� +
MET final states. The second scenario, which is realized
in gravity mediation, relies on an intermediate slepton to
avoid �0

2 ! �0
1h/Z decays and soften lepton p

T

’s su�-
ciently to avoid bounds. In this letter we focus on the
first scenario as a benchmark while the second, which
doesn’t rely on actual W ’s to a↵ect the W+W� cross

m�±
1
⇡ 110GeV

m�0
1
⇡ 113GeV

m�0
2
⇡ 130GeV �NLO ⇠ 4.3 pb
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ATLAS 7
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CMS 8 5


ê5

40 60 80 100 120 140 160

20

40

60

80

100

120

140

pT HL1L


ê5

30 40 50 60 70 80

50

100

150

200

250

pT HL2L


ê5

60 80 100 120

50

100

150

pT HL1L2L


ê5

50 100 150 200

20

40

60

80

100

120

mll

FIG. 3: The total SM prediction (signal + background) from the LHC8 CMS W+W� study [3], with additional contributions
from a 125 GeV SM higgs and chargino pair production in the best-fit chargino NLSP scenario (m�̃+

1
= 110 GeV) shown. The

gray hashed bands represent the uncertainty of the SM prediction. The legend is the same as for Figure 2

trilepton signal is suppressed (though not completely ab-
sent, due to the non-negligible �±

1 -�
0
2 mass di↵erence),

but chargino-neutralino production produces a signifi-
cant amount of same-sign dilepton signal, making con-
straints from new ATLAS dilepton searches [23, 24] rele-
vant. We simulated the signal produced by our scenario
in these searches [6, 7, 23, 24, 28, 29] using the same
Monte-Carlo setup as for the W+W� cross section mea-
surement. Each search is still consistent well within one
sigma, though it could be possible for same-sign dilep-
ton searches to discover this scenario with the full 8 TeV
LHC data set.

GAUGE BOSON PHENOMENOLOGY

Given the current bounds on trilepton [6] signatures,
any new physics must primarily a↵ect only the W+W�

cross section, leaving W±Z and W±� mostly una↵ected.
To illustrate this, consider the gravity mediated sce-

nario discussed in the previous section, with Winos al-
ways decaying to a Bino-like neutralino LSP via on-shell
W ’s and Z’s. In this case the trilepton bounds push the
allowed mass of the Winos to m

�

±
1

& 190 GeV, which
makes the wino pair production cross section so small
that the �2/N

dof

improvement of the W+W� measure-
ment is negligible, less than ⇠ 5%.

Since our chargino NLSP scenario evades these trilep-

ton bounds there is no a↵ect on multi-gauge boson phe-
nomenology other than multi-W . There will be signa-
tures of same-sign W gauge boson production with addi-
tional soft jets or leptons arising from �±�0 production
and decay. As discussed in the previous section, same-
sign dilepton searches [23, 24] are not yet sensitive enough
to rule out this signal.
The possibly viable gravity mediated scenario with in-

termediate sleptons [13] could feature additional “gauge
boson” signatures, because in addition to producing
``+MET final states (even though no W ’s are involved)
there is also the possibility for `+MET production, show-
ing up in single W -measurements.

HIGGS PHENOMENOLOGY

Modifying the e↵ective W+W� cross section through
BSM contributions could significantly a↵ect h !
W+W� measurements since both ATLAS [32] and CMS
[33] searches use data-driven techniques to estimate
W+W� background. The Monte Carlo output is normal-
ized to fit the data in a control region, and that “renor-
malization” is carried over into the signal region.
However, we find that generically the Higgs search sen-

sitivities are not modified. In a BSM scenario like ours,
where the kinematics are very similar to W+W�, the
control and signal regions are contaminated in proportion

SM p-value .001 SM+charginos .3
SM+h .1 SM+h+charginos .75
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CONSTRAINTS ON THIS 
SCENARIO

• SS dileptons

•OS dileptons

Remarkably everything works as of ICHEP
Still looking at HCP results!
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OTHER EFFECTS FROM NP

•Will not affect                     sensitivity (most models that 
do this are dead at 9-10 sigma)

• Shows up in control regions

• Amusingly increases               about 15%

• Same sign dileptons by end of 8 TeV should confirm/rule out

•Other transverse variables that can separate NP/SM WW/
QCD

h ! W+W�

h ! ��
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OTHER POSSIBILITIES???

• Backgrounds Wrong - Negligible effect?

•WW cross section wrong (k-factors 1.6ish need a 20% effect)

• higgs interferes destructively

• EW NLO reduces as well

• Jet Veto Efficiency - Not what QCD naively wants to do
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CROSS SECTION WHAT DO 
WE KNOW??

•WW cross section @ NLO + parton shower

•What’s the variation on this??

• Apparently a good amount since ATLAS h->WW switched 
from POWHEG/Pythia8 vs MC@NLO/Herwig for 7 TeV
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THEORIST MC SCAN...
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Figure 2: Comparison of m`` distributions of the WW continuum background normalized in

the 80 < m`` < 290 GeV region. Only the ATLAS values include the full detector simulation.

The two event generators do not include the gg ! WW contribution. Also shown is the

simulated 125 GeV Higgs signal in the signal region. ATLAS results are obtained from Fig.

(14b) [2].

default settings, and any further details can be obtained from the author. We mention in

particular that Pythia8 gives the user easy access to a number of settings for the showering

of POWHEG events; a sampling of di↵erent choices for these settings gives values of ↵0
0 that

di↵er by a few percent.

We return to the question of the detector level e↵ects, which we have thus far avoided

in our use of Delphes. To see what a fast detector simulator can say about these e↵ects we

first turn on lepton isolation cuts as follows. For both electrons and muons the summed pT of

tracks in a R = 0.3 cone around the lepton (excluding the lepton itself) is required to be less

than 0.1. For muons the ratio of ET in a 3⇥ 3 calorimeter array around the muon (including

the muons cell) to the pT of the muon is required to be less than 0.1. When Delphes is run

on fully showered and hadronized events with MPI turned on, we find a 5% reduction in the

value of ↵0
0. So this goes a little ways to bridge the gap between our values of ↵0

0 and the

ATLAS value.

7

Holdom
1211.2729

Implications
for Higgs searches!
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HOW MUCH DOES THIS 
MATTER IN THE END 

THOUGH?
• ATLAS and CMS got the same cross section at 7 TeV

• CMS uses MADGRAPH for WW!!!??

•We’d like to have some more reliable theory systematic 
estimate

•NNLO

• Resummation
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HOW DO WE GO FURTHER?

QCD
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HOW DO WE GO FURTHER?

QCD
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HOW DO WE GO FURTHER?

MC

Resummation

NN^(n)LO

EFT
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MASTERPIECE FROM 
MASTERPIECES?

56



MASTERPIECE FROM OLD MAGAZINE 
COVERS NO ONE READS AND KNOWS 

WHAT IS IN THEM?
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HOW DO WE GO FURTHER?

MC

Resummation

NN^(n)LO

EFT

How to do this in 
the most useful way?

(and quickly)
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CONCLUSIONS
•WW cross section is showing a trend from a theorists point 

of view, to the point that I’m thinking it’s not a fluctuation... you 
can think whatever you want

•New physics CAN explain this and fit better than the SM

• SM calculations should be improved to NNLO+N^(n)LL

• As long as you exclude fluctuation this is a very interesting 
channel to follow since it has ramifications all over the place...
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